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Terminal Ballistics of Rod Like Fragments 

PART A 

sriogsis 

During th2 period of this report the technique of projecting single 
rods 7?as inproved, resulting in velocities up to 3000 feet per 
second. The trajectories were predictable, so that rods could be 
made to inpact on sinple tarjets rlth the desired orientation, and 
the points of irspact on the rod and the target could be chosen as 
desired, 

A preliainary Investigation of notched rods, v/herein the notches 
were formed by cold staging, indicated that the rods broke at the 
notches into design lengths. 

In the firing of reds against sinple targets, preliminary terminal 
ballistics data were obtained for rods of AISI C-1020 steel. To 
summarize this information, the results were as follousJ 

a, l/Z-1 x 1/2"  x 15" reds, rhen fired broadside at approxi- 
mately 2000 feet/second to impact against the 1-1/2" face of 
24S-T4 aluminum targets, ^roke targets of 3-1/2" depth but not 
4^2". 

b, I/"11 m l/a-' rods of 4", 8", and 15" lengths, at approxi- 
mately 2000 feet/second, broke 2" diameter round bars of 24S-T4- 
aluminum but not 3", 

c, 1/2" 2 1/2" x 8n rods at approximately 3000 feet/second, 
broke 3" diameter round tars of 24S-T4 aluminum, 

d, 1/2" s 1/2" x 15" rods impacting against the face of 3A11 

24S-T4 aluminum plates gave complete penetrations at velocities 
above 1740 feet/second, 

e, 1/2" x 1/2" x 4;t rods penetrated 3/8" mild steel plate, 
face on, at velocities of i350 feet/second and higher. 
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Terminal Ballistics of Rod Luc« rra.fponts 

PART 3 

IITTRODÜCTIOH 

1, AüTHCr.ITY: 

The tests reported upon were authorized and conducted une'er 
references (a),  (b), and (c). 

2, REFERSECES: 

a. BUORD Itr IT9-Re3d-Ai::bc of 22 December 1950 
b. BUORD Conf Itr 2?P9-Re3d-V,'3X:hm Ser 23903 of 4 August 1951 
c. BUOPO Cönf Itr J!P9-Re3d-A:i:bc Ser 20414 of 10 May 1951 
d. BUORD Goof Itr IIP9-Re3d-AIi:bc Ser 42653 of 29 July 1952 
e. HPG Report Ho. 953 of 16 April 1952 

3. BACKGROUKD: 

a. The r.-ork covered by this report is a continuation of that 
reported upon in reference 'e) and supplies further information for 
the warhead development program as requested by references (e.)j  (b)! 
and (c). 

b. Reference (c) extended reference (a)  by specifically 
requesting that investigations continue for the purpose of develop- 
ing methods for projecting rods at higher reproducible velocities. 
In addition, the terminal ballistics of rods against siraplo targets 
were to be determined for the range of velocities available. 

c. V/ith regard to these requirements, the tests performed aimed 
at the use and the further development of the existing rod project- 
ing methods, in order that higher velocity rods might be obtained, 
and in order that terminal ballistics data might be determined as 
functions of various parameters. 

4. PERIOD OF TZST: 

This report covers the period fron April 1951 to October 1951« 
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Terminal Ballistics cf Red Li::« rrc.grnents 

PART C • 

DSTAILS OF T3ST 

5, PRCC3DURE A-'ID RESULTS: 

Sevaral approaches to the problem of attaining higher rod 
velocities v/ere explored. The velocities obtained to this time 
were lover than vould be expected from the energy of detonation of 
the explosive charges used, and It was believed that there vas 
Insufficient confinement of the explosive charge. 

Confinement by additional exnlosive t-as attemnted. If the 
1/2" x 1-1/2" charge (Figure 1 (a)) was enlarged to 1" x 1-1/2" the 
additional explosive vould be expected to act as confinement of the 
original charge. Explosive columns of 1" x l-l/2:l x 12" rare tried, 
vith trro (2) 1/2" x 1/2" x 7" rods. Resulting velocities rere 
erratic in the range above 2000 feet/second. Using the seme explo- 
sive colvmn \:ith  one (1) 1/2" x 1/2" x 7" rod betveon t^o (2) 
1/4-" x 1/2" x 7" spacer rods gave better results, vith velocities 
of the contcr rod of approximately 2400 fcct/sccond (Figuro 1 (b)). 

Explosive columns 1-1/2" x 1-1/2" x 9" vore used to project 
three (3) l/2:l x 1/2" x S" rods. The first results rere somev.-hat 
erratic, and the results vorc confused by breaking and tumbling of 
the tr/o (2) outer rods. Those spacer rods verc welded into place 
in the sun and the performance improved, rlth velocity of the pro- 
jected rod being approximately 2500 feet/second. 

The effect of additional confinoncnt of the explosive column by 
the use of hecvy steel blocks TO.S investigated. Explosive colvmns 
1/2" x 1-1/2" x 20" were positioned vertically, and" surrounded by 
the heavy stool blocks. Velocities rcrc not consistent, and the 
rods tumbled excessively (Figure 1 (c)). T.V. same arrangement, but 
with the longitudinal axis of the gun in the horizontal plane, was 
tried. This resulted in satisfactory rod flight, but rlth liütlc 
increase in velocity over the same configuration unconfincd. 

CONFIDENTIAL 
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Terminal Ballistics of Rod LüCQ Fr^mcnts 

The use of a larger explosive column plus heavy steel confining 
blocks was investigated.    The design shown in Figure 1 (b) was 
employed, using a 1" x 1-1/2" x 8" explosive column, and projecting 
a 1/2" x 1/2" x 8" rod#    The explosive was center initiated by a 
cap placed thru an opening in the back of the channel, thru the 
confining blocks.    The velocities obtained varied from 2600 to 
3100 feet/second Trlth this configuration, and the projected rods 
were curved or badly bent at the centers. 

Finally it appeared desirable to enlarge the explosive column 
to 1-1/2" x 1-1/2" square cross section, and to increase the length 
to 9" to form a 1" long booster charge for end initiation.    The 
two (2) 1/2" x 1/2" spacer rods were welded to the channel lips, 
leaving a 1/2" space for the rod to be projected.    This configura- 
tion projected the rod Tlth good flight characteristics, at veloci- 
ties of approximately 2^00 feet/second without heavy confinement, 
and 3000 feet/second with heavy steel confinement.    This has been 
the gun used in all subsequent firings at approximately 3000 feet/ 
second. 

In addition to the center Initiation mentioned previously, other 
points of initiation were tried.    One (1) such method was the placing 
of four (4) caps along the length of the explosive column and initi- 
ating these sinultaneously with a high-voltage pulse.    An attempt to 
obtain a plane initiating wave was also tried by making an eoullat- 
eral triangular array of explosive trains, initiated at one Cl) 
point, arranged to contact the back surface of the explosive column 
at several points (Figure 1 (d)).    Such innovations did not improve 
upon the existing methods, and in some cases tho rods fragmented, or 
broke, and the rod velocities were lower. 

The effect of rod length on velocity was cursorily examined. 
Tho 4" and 8" rods vere projected satisfactorily by the standard 
2000 feet/second gun (1/2" x 1-1/2" x 20" explosive column), but 
the velocities obtained were consistently higher than those obtained 
with the 15" rods, 

A series of firings was conducted to obtain information concern- 
ing tho controlled break-up of rods.   The rods wore 3/3" square, 
with or without notches along one (1) face, and 8" and 12" long. 
They were projected from a gun corresponding to the 2000 feet/second 
standard configuration, but with a more narrow opening.    Tho notches 
were toward the explosive column, and in some cases the notches 
thcnsolvcs were also filled with explosive,    Both end and center 
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Türminal Ballistics of Rod Lil-.o ?r?.£rr.orvts 

initiation of the explosive column were tried.    Break-up of the rods 
v/as determined by the use of cardboard screens placed in the line of 
flight, and by investigation of recovered rods.    Tie rods broke at 
the notches in each case.    Velocities of the rod sections varied 
fron 2000 to 2300 feet/second, indicatin?, that the break-up Mecha- 
nism had an effect upon the velocity of projection, 

A few rounds were fired to deuermine the suitability of the 
standard configuration for projecting 5/8" x 5/8!l x 4" rods.    The 
explosive column was 1-1/2" vdde and 1-3/8" deep.    The ^/S1' rod vas 
fitted into the channel with spacer rods on either side.    Velocities 
were approxiaately 2000 feet/second and overall performance vas 
similar to the 1/2" wide, 2000 feet/second rod gun. 

Most of the guns described were used in damage tests against 
targets.   Targets woro of al^iaini^ plate, aluminum round stock, and 
steel.plate.   For these tests the plates or bars were positioned at 
a given distance from the rod gun and were held vertically by bracing 
at the lower end.   Then the rod gun was so aligned that the rod 
would strike the target vlth the required orientation,    Flljht and 
velocity of rods wore checked as necessary by using screens, as 
described •    roforence (c).    Recovery of rod fragments beyond the 
target was effect2d by means of a stack of fibcrboard sheets. 
Figure 2 indicate3 schematically the components of this set-up.   The 
shield indicated is used when it is desired to stop the fragments of 
the outer, or spacer, rods, 

PART D 

CONCLUSIONS 

6,    During the period of this report the technique of projecting 
single rods was improved, resulting in velocities up to 3000 feet 
per second.   The trajectories were predictable, so that rods could 
bo made to impact on simple targets with the desired orientation, 
and the points of impact on the rod and the target could bo chosen 
as desired. 

A preliminary investigation of notched rods, wherein the notches 
wore formed by cold swaging, indicated that the rods broko at the 
notches, into design lengths. 
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Terminal Ballistics o? ?.o^ Li'.ro PrD?::.•:.r."-- 

In the Tiring of rods against simpls targets, prellnliiary 
tenainal ballistics data Trere obtained Tor rods of AI3I C-1020 
steel.    To sumarizc this lnforrx.tion, tho results roro r.s follows: 

a. ly^1' x l/2:, x 15" rods, vfocn fired tiroadsido at approxi- 
mately 2000 feet/second to inpact against tho 1-1/2" face of 
24S-T4 aluminua targets broke targets of 3-1/2" depth but not 
4-1/2". 

b. 1/2" x 1/2" rods of 4", 8", and 15" lengths at anproxl- 
mately 2000 feet/second bro!:c 2" dirmcter round bars of 24S-T4 
r.lunlnun but not $*• 

c. 1/2" x 1/2" x 8" rods at approximately 3000 fcot/second 
broke 3" r'iaLictcr rcond bars of 243-74 r.luainum. 

d. 1/2" x 1/2" x 15" rods inpacting against the face of 3/4" 
24S-T4 aluminum plates gave complete penetrations at velocities 
above 1740 feet/second. 

c.    1/2" x 1/2" x 4" rods penetrated 3/-" mild stool plate, 
face on, at velocities of 2350*and higher. 
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Teminal Pallistios of Hod Like Fra?rer.f:s 

TAELi: I 

ROD CUT DAJ'AGS CF 24S-T4 ALl^illO TAHGSTS 

Velocity 
(ft ./sec.) 

1390 
1920 

2440 
2330 
3280 
2400 
1910 

Aoprox. 
2000 

n 
2130 

Approx. 
2100 

Apcrox. 
1950 

it 

« 
n 
it 

it 

n 
n 
n 
it 

tt 

Aporox. 
2000 

it 

n 
it 

u 
n 
n 
n 
it 
i» 

n 
Approx. 

2950 

Approx. 
1950 

n 

Target 
Dimensions 

3/4" plate 

it 

n 

/Zn plate 
-l/r x 2" 

-1/2" x Zn 

-l/Z" x 3" 
-1/2" 

-1/2" 

x 3- 

x S" 

x 2" 
x 2-1/^" 
, 3« 

-1/J" 
-1/2" 
-1/^B 

-l/fe" x 4,, 

~l/Za x 4" 
-1/2" x Z~lAn 

-l/Zn x S-l/fe" 
-1/J" x 3-1/2" 
-l^" x 3-1/2" 
-1/2" x 3-1/J" 
-1/%" x 3-1/fe" 

IS- 
IS" 

5" 
8" 
8" 
4" 

IS" 

15" 
IS" 

3" 

15" 
IS- 
IS" 
IS- 
IS" 
IS- 
IS" 

4" 
4" 
4" 
4" 

Red 
Description 

1C85 RC-40 
1020 Succeeding 

rods as 
received 

n 
n 
it 

n 
it 

n 

n 

« 

n 

n 

■ 
n 
n 
it 

" 
it 

n 
n 
it 

-1/5" x 6" 4" end hit 
-1/2" x 6" 4" center hit 
-1/2" X 6" 8" end hit 
-1/^"   X 6" 8" center hit 
-lA"x 6» IS" 
-1/5" x 6" 4" center hit 
-1/2" x 6" 4" end hit 
-1/2" x 6" 8" center hit 
.-1/2" x 6" 8" end hit 
-l/fe"  X 6" 15" center hit 
-1/2" x 6" 15" and hit 

-1/^"  X 6" 8" 
-1/^"   X 3" 8" 2 rods hit 
-l/?" * 3" 8" 2 rods hit 
-1>2" x 3" 8" 

-1/2" x 6" 5/8" x 5/8" x 4" rod 
-1/2" x 6" 5/8" x 5/8" x 4" rod 

Dar.age 
Width k Depth 

1" x l-l/lS" 
7/8" x 1-1/16" 

3/4" x 1" 
3/4" x 5/8" 

1" x 1-1/4" 
7/8" x l-l/4n 

3/4" x 1/4", broke 

3/4" x 1/4-, broke 
l/Z" deep, broke 
3/4° x 3/8", broke 

7/8" x 3/3-, broke 

7/8" x 
7/8- x 
3/4" x 
7/8" x 

1- x 
1" x 

7/8,, x 
3/4" x 

1- x 
3/4" x 
3/4" x 

3/4", broke 
9/16-, broke 
3/8", broke 
1/2" 
l/Z* 
1/fe-, broke 
1/fc", broke 
3/8" 
5/8", broke 
9/16" 
3/8", broke 

3/4" 
7/8" 
7/3" 

1" 
3/4" 

1" 
3/4" 

7/8" 
7/3" 
7/8" 

2-a/4" 
2-1/" 
11/16" 

x 3/8" 
x 9/16- 
x 1/t" 
Xl/J" 
x lA" 
x 3/8- 
x 1/4" 
x 7/l6,, 

xl/^" 
x 3/8" 
x 3/8" 

x I-I/4- 
x 1", broke 
x 1", broke 
deep, broke 
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T^LE III 

.rve rt C-ir/e B 

Thro'j^h Center of ipeclr.^:. Along Top of Specl-sen 

Dist. Rl "2 Filar Kr.oo? Diat, h h Filar Knoop 
~ZZm Ur.ita Hardness • ^.t« Units Hardness 

0,25 962 &l 539 175.7 0.54 853 04 419 290.4 
0.5O 873 36/. 509 196.9 1.66 961 525 436 274.5 
0.75 925 a6 509 196.9 1.96 812 424 388 336.8 
l.CO 788 267 521 183.0 3.65 868 473 390 336.8 
1.25 827 3C/, 523 133.0 4.58 835 443 392 336.8 
1.50 859 363 496 206.5 5.70 866 474 392 336.8 
1.75 885 375 510 196.9 7.65 894 447 447 259.8 
2.00 908 LXh 494 211.6 
2.25 373 3^3 435 216.9 
2.50 902 tec 502 201.7 
2.75 899 403 491 211.6 
3.00 333 349 ^4 216.9 
3.25 371 »13 453 246.3 
3.50 S92 456 436 267.0 
3.75 903 472 431 274.5 100 gram load — 4 am objective 
i».00 865 455 410 307.7 
^.25 825 4C7 418 290.4 
t.50 827 434 393 326.7 
U.15 873 4^9 404 317.0 
5.00 855 463 392 336.8 
5.25 872 472 400 317.0 
5.50 868 475 393 326.7 
5.75 865 4o5 400 317.0 
6.00 855 473 382 347.4 
6,25 330 4Ü2 388 336.8 
6.50 862 LoO 402 317.0 
6.75 833 455 383 347.4 
7. CO etu 459 405 307.7 
7.25 84? -.^2 337 336.8 
7.50 350 474 376 353.5 
7.75 SA5 C60 385 347.4 
8.00 S22 433 384 347.4 
8,25 357 475 382 347.4 
8.50 8^o i.61 335 3^7.4 
3.75 
9.CO 

3U1 L14 Ü33 274.5 

CCNFT: )",::TI.I 
APPENDIX B 

SECURITY INFC.X^TI CN 
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